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Animal Feeds

The present invention is concemed with animal feeds,

Chemical additives to animal foedstuffs bave been used for some time as
growth promoters or “feed enhancers®. Previously this has generally involved the use of
synthietically manufactured microbial antibiotics and, in particular, ionophore antibiotics such
as Monensin and Avoparcin.

; We bave now developed non-hormonal, naturally occurring animal feedstuff
additives which have growth promoting properties when fed to animals and can be included
in the diets of both ruminant and monogastric animals.

According to the present invention there is provided an animal feed comprising
an animal feedstuff containing a minor.amount of Hpophilic, active ingredient comprising at
least one phospholipid, which ingredient on introduction into the rumen or stomach of an
animal can be incorporated into a rumen or stomach cell membrane so as to increase the
porosity of said membrane.

Typically the animal feedstuff additive is in the form of powder incorpbrited
into a feed, capsules or licks; alternatively it may be dissolved in the animal’s drinking
water.

The active ingredient is preferably in substantially pure form (the words
"substantially pure”, as used herein serve to distinguish the ingredient from its natural
analogue in that the former has been isolated from its natural environment and further
processed 50 as to be suitable for inclusion into the animal feed).

Typically the animal feedstuff is silage, hay, grass, feed concentrates or the
like and the active ingredient is preferably included in the animal feed at a level of about 1
o 100mg/kg of the feedstuff. The quantity of ingredicat present in the feed largely depends
on the nature of the actual feedstuff used (e.g. for silage or feed concentrates the amount is
typically 30mg/kg dry weight of feedstuff). The additive may be combined with an inert
carrier (such as talc) so as to facilitate handling thereof. '

There is further provided by the present invention a method of feeding
animals, which method comprises providing said animals with an animal feed containing a
substantially pure, lipophilic, active ingredient as hereinbefore described, such that said
additive is introduced into the rumen or stomach of said animal so as to increase the porosity

of rumen or stomach cell membranes of said animal.
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The ingredieat is particularly useful as a growth promoter (as it allows an
increase in the uptake of nutrients including essential amino acids and proteins) due to its
eﬁea‘mﬂlemmbmnesfoundmbacmﬁﬂcensintheaninnl.gmandonﬂleceﬂsmat :
constitute the lining of the gut itself. The ingredient does not substantially affect active
transport of the abovementioned nutrients but simply increases passive flux of molecules of
a given size across treated membranes. The ingredient is generally administered to cattle
where it has further been found to increase the production and also the protein content of
milk from these animals.” The ingredient is not however limited to use with cattle and is also
used with other farm livestock such as sheep, goats, swine and poultry.

f’referablytheacﬁve ingredient comprises one or more isomers of a monoacyl
phospholipid, typically of the following general formula:-

HC-0-P-0-OR H,C-0-P-O0R
| , |

HCO-OH or HC-0-COR
] : |

HC - O - COR H,C - OH

where R is a nitrogenous base or polyol residue, and R’ is a saturated or unsaturated fatty
acid chain. ‘ _

A particularly preferred phospholipid is plasmologen lysophosphatidyl
choline; other preferred phospholipids include lysophosphatidylethanolamines,
lysophosphatidylinositols, lysophosphatidylserines and lysophosphatidic acids. It is of course
envisaged that other phospholipid analogues capable of being incorporéted into rumen or
stomach ocll membranes may bo used. | |

The phospholipids present in the feeds according to the present invention are
often produced in the pancreas of some animals (including cattle) in small amounts.
However, to be effective in increasing the porosity of the cell membranes of the rumen or
stomach, the phospholipids are included in the feed according to the present invention at an
artificial level over and above that normally existent in the animal.

Alternatively, a substrate which can be converied by enzymic action into the
above-mentioned active ingredient may be included in the animal feed. Typically, the
substrate is converted into the active ingredient by enzymes produced by bacteria introduced
into the animal feed.
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There is farther provided by the present invention therefore a kit comprising
at least one bactedial strain together with a substrate which can be acted on by one or more
enzymes produced by szid bacteria, said bacteria and said substrate being incorporated-into
an animal feed for example, as a probiotic, whereby said substrate is convertible into an
active ingredient by the action of said enzymes thercon; wherein said active ingredient
comprises at least one phospholipid component, and which ingredient on introduction into
the Tumen or stomach of an animal can be incorporated into a rumen or stomach cell
membrane o as to increase the porosity of said membrane.

Prefersbly the bacterial strain is capable of producing the enzyme
phospholipase Ay, a preferred bacterial strain being Streptomyces violaccornber 5. A
preferred substrate is lecithin. Phospholipase A, chemically removes jn situ one of the fatty
acid chains of lecithin to give the active phospholipid ingredient. Typically the animal feed
is silage and the bacterial strain is preferably inclnded at a Jevel of 100g per 25 tonnes of the
original silage preparation; this level of inclusion gives a safisfactory level of the additive.
(after fermentation) in the final silage.

On ingestion the active ingredient comes into contact with the cells that make
up the lining of the 'alimentary tract. The ingredient readily substitutes into the cells’ plasma
membranes and in doing so displaces calcium jons from the phospholipid matrix. The
calcium ions normally serve to reinforce the inter polar head attractions which stabilise the
phospholipid envelope and substitution thereof by the active ingredient causes the
phospholipid matrix to expand.

At equilibrium, the existing pores or holes in the membranes which constitute
the hole size distribution favour flux of molecules of certain sizes. Addition of the active
ingredient affects the hole size distribution and consequently the preferential rate of
absorption of small and/or large molecules. For example, to encourage the passage of long
chain lipids into the biood, the hole size distribution must be altered in favour of fewer but
iargex holes. The dose-response to the additive is biphasic in vitro but generally, at higher
doses the additive causes a change in the hole size distribution of the membrane (ie a
. change in the number and size of the pores which occur in all membranes at temperatures
above absolute zero). At higher doses, this expansion can become critical to the viability of
the cell due to increased ion efflux from the cell through the treated membrane which
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following the application of the additive will have a low permeability coefficient. This
change is often accompanied by swelling of the cell through influx of osmotically.or actively-
obliged water. Cells with this level of exposure to the additive may: irreversibly swell and"
lyse releasing the cell content into the animal gut. Howeves, at lower doses of the additive,.
membrane expansion may be such as to decrease the viability of both gram positive and gram
negative bacterial cells in the rumen or stomach, which will cause symptomatic changes in
the digestion process. | _

As a result of the prefereatial effectiveness iri destabilising the membranes of
gram positive bacteria (due primarily to the relative thinness of their membranes), together
with an increased uptzke of nutrients and the consequent decrease in acetate to propionate
acid ratio, there is an increase in the percentage of protein per unit of milk produced by
lactating animals.

; ~ There is further provided by the present invention a method of improving the

i yield and quality of milk produced by lactating animals, which method comprises providing
said animals with an animal feed as hereinbefore described such that the active ingredient can
be introduced into the rumen or stomach of said animal, whereby the ingredient substantially
promotes the uptake of at least amino acids, glucose and fatty acid molecules having a carbon
chain of less than 12 carbon atoms from the alimentary tract of said animal, so as to effect
an increased yield of milk produced by said animals and wherein said milk comprises a
substantially increased protein concentration and substantially increased fat content, compared
to milk produced by said animals prior fo provision therewith of said ingredient. At the
doses envisaged for commercial use of the activé ingredient, the latter has a most important
effect on- the uptake of amino acids, sugars and proteins through the lining of the animal gut
as a result of changes in the permeability of the membranes that are active in this process in
the gut cells.

: In addition, magnésium extraction rates from the rumen or stomach and the
other parts of the alimentary tract are improved substantially with low doses of the active
ingredient. .

The ingredient can also be used in conjunction with other known growth
promoters in order to increase the efficiency of these promoters and also (in some
embodiments) to lower the dosage of growth promoter administered.
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The active ingredient according to the present invention is particularly
applicable for use in enmhancing the transmission of pharmacentical and veterinary
formulations (such as anti-biotic drugs) across cell membranes of an animal patient. As
described above, the active ingredient can increase the efficiency and decrease the dosage of
these formulations. There is further provided by the present invention a method of
increasing the uptake of pharmaceutical or veterinary fohnulations, which method involves
administering to an animal patient a therapeutically effective amount of the active ingredient
as hereinbefore described; '
" The present invention will now be further illustrated by reference to the
following examples which do not limit the scope of the invention in any way:.
Example 1
Six week old lambs were provided with 0.5kg/day of a feed containing
plasmologen lysophosphatidyl choline, their weight pain was regularly monitored and
compared with that of lambs provided with an untreated feed.
The results are illustrated in the following diagrams wherein:
Figure 1 shows a comparison of the weight of treated and untreated lambs as
measured at regular time intervals; and
Figure 2 shows a comparison of the overall weight gain of lambs fed on (a)
-untreated feed, (b) a commercially available feed known by the trade name AVOTAN; and
(¢) a feed according fo the present invention. (The overall weight gain being measured over
the time scale illustrated in Figure 1).
As can be seen from the accompanying diagrams the weight gain of lambs’
o provided with a feed according 10 the present invention was substantially greater than tha1
experienced by the lambs not fed on the feed according to the invention. o
Example 2
| The following comparative tables illustrate the different levels of components
(namely butterfat, protein and Jactose) present in milk produced (a) by animals provided with
an animal feed according to the present invention and (b) by animals provided with an
untreated feed. Tables 1 to 4 respectively illustrate the composition of milk produced (i)
over the entire lactation cycle (average over 1-329 days into lactation); (i) duﬁng early
lactation (average over 1-60 days into lactation); (iif) during mid-lactation (average 61-180
days into Iactation); and (iv) during late Iactation (average over 181-320 days into lactation).



Table 2

Yield/day

Butterfat

Price/Kg
Table 3

Yield/day
" “Butterfat
" "Protein
Lactose

- Table 4
Yield/day
Butterfat

Protein

Price/Kg

34k
4.19%

3.35%
4.48%

18.0p

Treated
30.1kg
3.99%
3.30%
4.50%

17.5p

Treated
26.3 kg
4.13%
3.28%
4.53%

17.7p

Trated

18.1 kg
4.40%
3.47%
4.41%

18.7p

25kg
4.11%
3.24%
4.52%

17.6p

Control
283 kg
4,01%
3.20%
4.58%

17.3p

Control

25.8 kg

. 398%

3.14%-
4.60%

17.1p

Control
172 kg
4.35%
3.40%
4.38%

18.4p

4.0%
1.9%
3.4%
-0.9%

2.3%

6.3%
0.4%
3.3%
-1.8%

1.1%

Increase
1.9%
3.7%
4.5%

-1.4%.

3.6%

5.0%
12%
2.1%
0.6%

1.6%
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An- animal feed comprising an animal feedstuff containing a minor amount of
Tipophilic, active ingredient comprising at least one phospholipid component, which

 ingredient on introduction into the rumen or stomach of an animal can be incorporated

mmammenorstomachwnnmbranesoastomcmsethepommtyofsmd

" membrane.

An animal feed according to claim 1, wherein the active ingredient comprises one or
more isomers of 2 monoacyl-phospholipid, of the following general formula:-

HC-0-P-0-0R H,C-0O-P-0OR

| |
H CO - OH or HC-0-COR
b 1
H,C -0 - COR’ H,C - OH

where R is a nitrogenous base or polyol residue, and R’ isa saturated or unsaturated
fatty acid chain. '

An animal feed according to any of claim 1 or 2, wherein the phospholipid comprises
plasmologen lysophosphatidyl choline.

An animal feed according to any of claims 1 to 4, wherein said additive is present in

an amount of 1 to IOOmg.lkg of feed conwntrale.

A method of feedmg ammals, whlch method comprises provxdmg saxd animals with
an animal feed according to any of claims 1 to 4, such that said active ingredient is
-t oduced into the rumea o stomach of said animal 5o as to increase the porosity of
rumen or stomach cell membranes of said animal.
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A kit comprising at least one bacterial straintogeﬂmwilhasubsuate which can be
acted on by ommeWby said bacteria, <zid bacteria and said
cubstrate being incorporated into 21 mimal feed, whereby <id substrate is conveztible
intoanacﬁveingxedientby theacﬁonofgidenzymﬂ thereon; wherein said active
ingredient comprises at least one phospho]ipid' component, and which ingredient on
introduction into themmmmmmachéfananimalmbeinoorpomted into rumen
or stomach oellmembmneso'as'aoincmsethepmosity thereof.

A kit according 10 claim 6, wbereihﬂxebastﬁial strain compﬁsesg_mnm
violaceoruber sp. and is capable of producing he enzyme phospholipase Az

A kit according t0 claim 6 or 7, wherein the substrate comprises lecithin,

A method of jmproving the yield and quality of milk produced by lactating animals,
which method comprises providing said amimls with an animal feed apcording to any
of claims 1 to 4, such that said active ingredient is introduced into the rumen OF
stomach of said animal so as 10 substantially promote the uptake of at least amino
acids, ghicose and fatty acid molecules having 2 carbon chain of less than 12 carbon
atoms from thcalimenmryuamofsaidaxﬁmalandto effectanincrwsed.yieldofmﬂk
produced by said animals and wherein said milk comprises 2 substantially increased
d subsmﬁally increased fat content, compared to milk

protein concentration
produced by said animals pﬁor to p_rqvision therewith of oid active ingredient.
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